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RESEARCH ARTICLE                                         

Metabolic dysfunction, rather than obesity, is a risk factor for chronic kidney 
disease in Chinese population

Shan Yang, Jiaxiu Ling, Siliang Zhang, Yang Li and Gangyi Yang 

Department of Endocrinology, The Second Affiliated Hospital of Chongqing Medical University, Chongqing, PR China 

ABSTRACT 
Background: Metabolic dysfunction and obesity are closely related to chronic kidney disease 
(CKD). However, studies on the relationship between various metabolic syndrome-body mass 
index (MetS-BMI) phenotypes and the risk of CKD in the Chinese population have not yet been 
explored.
Materials and methods: Data from the China Health and Retirement Longitudinal Study 
(CHARLS) 2015 were analyzed in this study. This study enrolled 12,054 participants. Participants 
were divided into six distinct groups according to their MetS-BMI status. Across the different 
MetS-BMI groups, the odd ratios (ORs) for CKD were determined using multivariable logistic 
regression models.
Results: The prevalence of CKD was higher in metabolically unhealthy groups than in the corre-
sponding healthy groups. Moreover, the fully adjusted model showed that all metabolically 
unhealthy individuals had an increased risk of developing CKD compared to the metabolically 
healthy normal weight group (OR ¼ 1.62, p¼ 0.002 for the metabolically unhealthy normal 
weight group; OR ¼ 1.55, p< 0.001 for the metabolically unhealthy overweight group; and OR 
¼ 1.77, p< 0.001 for the metabolically unhealthy obesity group.
Conclusions: This study is the first to evaluate the relationship between the MetS-BMI pheno-
type and renal prognosis in the Chinese population. Individuals with normal weights are at dif-
ferent risk of developing CKD depending on their different metabolic phenotypes.

ARTICLE HISTORY 
Received 3 August 2023 
Revised 21 February 2024 
Accepted 21 March 2024 
Published online 11 March 
2024 

KEYWORDS 
Obesity; metabolic 
dysfunction; body mass 
index; chronic kidney 
disease; CHARLS   

1. Introduction

Several diseases, including glomerulonephritis, can 
cause chronic kidney disease (CKD), which damages 
renal function irreversibly over months or years [1,2]. 
Currently, there are several CKD diagnostic criteria. 
Kidney damage or an estimated glomerular filtration 
rate (eGFR) of less than 60 mL.min− 1/1.73 m2, or both, 
for at least 3 months, are considered part of the widely 
accepted definition of CKD [1]. CKD can increase the 
risk of anemia [3,4], bone disease [5], cardiovascular 
disease [6], and cancer [7,8], which can have a signifi-
cant financial impact on societies worldwide. Thus, 
identifying modifiable risk factors for CKD is crucial for 
clinical and communal health and may alleviate the 
burden of CKD. Diabetes and hypertension are the 
two leading causes of CKD [1]. Fasting plasma glucose 
(FPG), systolic blood pressure (SBP), and body mass 
index (BMI) have emerged as the primary metabolic 

markers for determining the risk of CKD in recent 
years [9]. High BMI raises the risk of developing CKD 
because of the higher risk of cardiovascular disease, 
hypertension, and diabetes [10,11]. However, it is yet 
unknown if a higher BMI independently influences the 
risk of CKD.

A growing body of research suggests that the onset 
and progression of CKD are significantly correlated 
with metabolic syndrome (MetS) [12,13]. Hypertension, 
central obesity, impaired glucose metabolism, and dys-
lipidemia (abnormal lipid levels) are the hallmarks of 
MetS [14,15]. First, MetS is crucial for the onset of 
CKD. In addition to inducing inflammation, oxidative 
stress, and impaired kidney function, insulin resistance 
is a key component of MetS. Furthermore, obesity can 
induce inflammation and fibrosis, increasing glomeru-
lar volume, podocyte hypertrophy, and mesangial 
stroma expansion. Triglycerides (TGs) and free fatty 
acids (FFAs) promote kidney injury through an 
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inflammatory response. Patients with hypertension 
have increased angiotensin II, leading to oxidative 
stress, ischemia, and renal microvascular damage. 
Inhibiting the production of nitric oxide, hyperuricemia 
promotes CKD. Second, CKD progression is accelerated 
by common risk factors for MetS and CKD. Obesity- 
associated glomerular hyperfiltration may accelerate 
glomerular sclerosis and glomerular hyperfiltration 
caused by CKD. As blood pressure, TG, and insulin 
resistance deteriorate with CKD, CKD results from 
these conditions. Insulin resistance exacerbates renal 
hemodynamics by obstructing ion transport. 
Hemodynamics are affected, exacerbating CKD as 
hypertension worsens and the sympathetic nervous 
system gets active [16].

An indicator of the risk of CKD is waist circumfer-
ence (WC), which is also a predictor of visceral body 
fat. Additionally, the onset of CKD is associated with 
TGs, one of the key components of the MetS. 
Moreover, a combined analysis of TG and WC revealed 
that patients with abnormal single factors had a lower 
risk of CKD than those with high WC and TG content 
[17]. Importantly, there is an association between 
MetS and obesity or excess weight, and MetS fre-
quently acts as a mediator between the deleterious 
impact of obesity on disease progression [18,19]. 
Different subgroups of obese populations may have 
different risks for CKD, such as those who are obese 
but still metabolically healthy. Understanding the 
pathophysiology of metabolic dysfunction and the risk 
of CKD is aided by detailed metabolic phenotyping of 
obesity. Several research studies have found divergent 
findings regarding the impact of MetS-BMI phenotypes 
on CKD [20,21]. The association between metabolically 
healthy overweight/obesity (MHOW/MHO) and the risk 
of CKD in the Chinese population is also the subject 
of limited investigation. To analyze their association 
with CKD risk, we consequently combined the MetS 
and obesity phenotypes. MetS-BMI phenotypes and 
the risk of CKD in the Chinese population are being 
analyzed for the first time using a large-scale national 
data sample.

2. Material and methods

2.1. Study design and participants

A dataset from the China Health and Retirement 
Longitudinal Study (CHARLS), a longitudinal project 
focused on the aging population, was used in this 
study. CHARLS is an ongoing survey initiated in 2011, 
and the included participants were followed up in 
2013, 2015, and 2018. The dataset offers demographic, 

clinical, and lifestyle data that allow researchers to 
investigate the relationships between different factors 
and the progression of CKD.

The CHARLS survey used the probability- 
proportional-to-size sampling technique to randomly 
select 150 county-level units from 28 provinces and 
autonomous regions (excluding Tibet) in mainland 
China. Then same method was used to select primary 
sampling units (villages or communities) within each 
county unit. Individuals older than 45 years were 
included in the survey. A total of 10,257 households 
were interviewed, and the final response rate was 
80.5%. Previous studies have provided detailed reports 
on the design and methods of CHARLS [22]. Our sam-
ples were from 20,453 participants in the 2015 
CHARLS database. Excluded from our study were those 
with missing values for age (n¼ 616), sex (n¼ 26), 
MetS (n¼ 3096), and CKD (n¼ 7). Furthermore, those 
lacking BMI information (n¼ 4575) or having less than 
18.5 kg/m2 (n¼ 721) were excluded from the analyses. 
After the dataset was cleaned, 12,054 individuals were 
still included in the baseline survey (Figure 1). The 
Peking University Review Committee (IRB 00001052– 
11014) approved the study, which was conducted fol-
lowing the Declaration of Helsinki. Each participant 
gave their informed consent for their participation.

2.2. Data collection (covariates)

A standardized questionnaire survey was used to 
gather baseline data on age, sex, marital status (mar-
ried/cohabitated or others), smoking and drinking hab-
its, depression, and sleeping time. A lifetime of at 

Figure 1. Flow chart of data cleansing. MetS: metabolic syn-
drome; BMI: body mass index; CKD: chronic kidney disease; 
CHARLS: China Health and Retirement Longitudinal Study.
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least 100 cigarettes smoked was considered smoking 
[23]. There were three categories for smoking status: 
current smoker, non-smoker, or ex-smoker. And, partic-
ipants were asked, “Did you drink any alcoholic bever-
ages, such as beer, wine, or liquor in the past year? 
How often?” Their answers will be selected from the 
following options. 1. Drink more than once a month. 
2. Drink but less than once a month. 3. None of these. 
Drinking was reported as never drinking, drinking less 
than once a month, or drinking more than once a 
month. There were four categories for age: 40– 
50 years, 50–60 years, 60–70 years, and >70 years. 
There were three categories for sleep: <6 h, 6–8 h, and 
>8 h [19]. Depression was diagnosed in individuals 
who scored higher than 10 on the Center for 
Epidemiologic Studies Depression Scale (CESD-10) [24]. 
The costal margin of the central axilla and iliac crest 
were used to quantify WC. After at least 5 min of rest, 
blood pressure was measured with a mercury sphyg-
momanometer, and the average of three measure-
ments was recorded for each participant [12].

Blood samples were taken following a minimum of 
10-h overnight fast. The standard protocol was fol-
lowed to assess the levels of high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), glucose, uric acid, 
creatinine, total cholesterol (TC), TG, and C-reactive 
protein [25]. Trained medical personnel performed all 
operations and recordings.

2.3. Evaluation of CKD and MetS-BMI phenotypes

An eGFR < 60 (mL/min/1.73 m2) was used to identify 
CKD in our study. A previously reported method was 
used to determine the eGFR [1]. Based on BMI and 
MetS, participants were classified into six different and 
mutually exclusive groups: metabolically healthy nor-
mal weight/overweight/obesity (MHN/MHOW/MHO) 
and metabolically unhealthy normal weight/over-
weight/obesity (MUN/MUOW/MUO) [26].

Currently, there are several global definitions in use, 
including those from the National Cholesterol 
Education/Adult Treatment Panel III (NCEP-ATPIII) [27], 
the World Health Organization (WHO) [28], the 
International Diabetes Federation (IDF) [29], and 
others. Nonetheless, the IDF definition considers the 
ethnic characteristics of Chinese individuals. Early 
detection and intervention are made more accessible 
by the IDF definition’s more sensitive WC threshold 
than by other definitions. Thus, the IDF definition for 
MetS was used in this study, which requires the pres-
ence of two or more of the following criteria in add-
ition to abdominal obesity (male WC � 90 cm, female 

WC � 80 cm): hyperglycemia, high blood TGs, low 
HDL, and hypertension [19]. The precise cut-off values 
for MetS were as previously described [19]. A person’s 
weight in kilograms divided by their height in meters 
yielded their BMI. Height and weight were measured 
by the trained investigators with standardized 
equipment (Index: height; Equipment: SecaTM213 
Stadiometer Manufacturer/source: China Seca 
(Hangzhou) Co., Ltd. Index: weight; Equipment: 
OmronTMHN-286Scale Manufacturer/source: Krill 
Technology (Yangzhou) Co., Ltd.) [30]. The Chinese 
Working Group on Obesity has proposed three classifi-
cations for obesity: normal weight (18.5 � BMI <
24.0 kg/m2), overweight (24.0� BMI < 28.0 kg/m2), and 
obesity (BMI � 28.0 kg/m2) [31].

2.4. Statistical analyses

Normally distributed continuous variables are shown 
as mean ± standard deviation (SD), whereas non-nor-
mally distributed continuous variables are shown as 
median (25th–75th percentile). Percentages were used 
to summarize categorical data. For continuous data, 
one-way analysis of variance (ANOVA) was used, and 
for categorical data, the chi-square test was used to 
compare the baseline characteristics. A series of logis-
tic regression models were constructed to compute 
the 95% confidence interval (CI) and odds ratio (OR) 
to investigate the relationships between BMI, MetS 
phenotypes, and the potential risks of CKD.

It is well known that age and gender affect the out-
come of CKD. In recent years, the influence of lifestyle, 
such as alcohol and cigarette consumption [32,33], 
and sleep duration [34] on CKD has gradually been 
recognized. Interestingly, research confirms that mar-
ried people have a lower risk of CKD than unmarried 
people [35]. And, unmarried people are more likely to 
move from advanced CKD to kidney failure than mar-
ried people [35]. Besides, depression has been demon-
strated to accelerate renal dysfunction and increase 
hospitalization rates in patients with CKD [36]. Several 
Mendelian randomization studies have reported sig-
nificant causal effects of lipid levels (LDL, TC) on CKD 
or renal function [37]. In summary, in view of the com-
plex effects of the above covariates on the outcome 
of CKD, we conducted a logistic regression analysis to 
adjust them. Model 1 was a crude model. Model 2 
was adjusted for age, sex, marital status, and sleep 
duration. Model 3 was further adjusted for smoking 
status, alcohol consumption, and depression status. 
Model 4 was also adjusted for TC and LDL levels.
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STATA version 17.0 (Stata Corporation, College 
Station, TX) was used for all statistical analyses. A two- 
tailed probability value with a two-tailed probability 
value of p< 0.05 was considered statistically significant.

3. Results

3.1. Baseline characteristics of the study 
participants

The baseline characteristics of the participants, 
grouped based on the MetS-BMI phenotypes, are dis-
played in Table 1. Participants in the 2015 CHARLS 

survey, numbering 12,054, were gathered for the 
research. Of these, 6070 were of normal weight, 4255 
were overweight, and 1729 were obese. Of all partici-
pants, those who were metabolically unhealthy made 
up 36.00% (n¼ 4339), and those who were metabolic-
ally healthy made up 64.00% (n¼ 7715). Furthermore, 
among all participants, 35.30% and 14.34% were clas-
sified as overweight and obese, respectively. The 
MHOW subgroup comprised 48.11% of overweight 
people and 16.98% of all enrolled participants. While, 
the metabolically healthy obesity (MHO) subgroup 
made up 4.00% of all registered participants and 
27.88% of obese people.

Table 1. Baseline characteristics of included participants in CHARLS 2015.

Characteristics

Metabolic healthy (N¼ 7715) Metabolic unhealthy (N¼ 4339)

p Values
MHN 

N¼ 5186
MHOW 

N¼ 2047
MHO 

N¼ 482
MUN 

N¼ 884
MUOW 

N¼ 2208
MUO 

N¼ 1247

Age (years)
< 50 1092 (21.1%) 569 (27.8%) 158 (32.8%) 85 (9.6%) 410 (18.6%) 286 (22.9%) <0.001
50–60 1603 (30.9%) 695 (34.0%) 181 (37.6%) 251 (28.4%) 754 (34.1%) 446 (35.8%) –
60–70 1630 (31.4%) 589 (28.8%) 116 (24.1%) 332 (37.6%) 740 (33.5%) 370 (29.7%) –
> 70 861 (16.6%) 194 (9.5%) 27 (5.6%) 216 (24.4%) 304 (13.8%) 145 (11.6%) –

Gender
Male 2974 (57.3%) 1004 (49.0%) 192 (39.8%) 131 (14.8%) 811 (36.7%) 429 (34.4%) <0.001
Female 2212 (42.7%) 1043 (51.0%) 290 (60.2%) 753 (85.2%) 1397 (63.3%) 818 (65.6%)

Marital status
Married with spouse 4296 (82.8%) 1757 (85.8%) 425 (88.2%) 670 (75.8%) 1835 (83.1%) 1063 (85.2%) <0.001
Divorced/separated/widowed 890 (17.2%) 290 (14.2%) 57 (11.8%) 214 (24.2%) 373 (16.9%) 184 (14.8%) –

Alcohol consumption
Drink more than once a month 1610 (31.1%) 571 (27.9%) 124 (25.8%) 143 (16.2%) 481 (21.8%) 239 (19.2%) <0.001
Drink but less than once a month 506 (9.8%) 196 (9.6%) 44 (9.1%) 61 (6.9%) 195 (8.8%) 93 (7.5%) –
None of these 3062 (59.1%) 1278 (62.5%) 313 (65.1%) 680 (76.9%) 1530 (69.4%) 914 (73.4%) –

Cigarette consumption
Current smoker 1908 (36.9%) 498 (24.4%) 91 (18.9%) 107 (12.1%) 437 (19.8%) 201 (16.1%) <0.001
Non-smoker 2616 (50.5%) 1265 (61.9%) 321 (66.6%) 710 (80.3%) 1481 (67.1%) 879 (70.5%) –
Ex-smoker 652 (12.6%) 281 (13.7%) 70 (14.5%) 67 (7.6%) 290 (13.1%) 166 (13.3%) –

Depression
None-depression 3162 (61.0%) 1331 (65.0%) 332 (68.9%) 469 (53.1%) 1385 (62.7%) 773 (62.0%) <0.001
Depression 2024 (39.0%) 716 (35.0%) 150 (31.1%) 415 (46.9%) 823 (37.3%) 474 (38.0%)

Sleep duration
0–6 h 2531 (50.3%) 1010 (50.1%) 226 (47.9%) 451 (53.6%) 1050 (49.0%) 586 (48.0%) 0.002
6–8 h 1998 (39.7%) 850 (42.2%) 197 (41.7%) 294 (35.0%) 894 (41.7%) 519 (42.5%) –
>8 h 505 (10.0%) 154 (7.6%) 49 (10.4%) 96 (11.4%) 199 (9.3%) 116 (9.5%) –

Glucose (mg/dL) 97.1 (27.5) 95.8 (23.2) 94.1 (19.4) 115.8 (48.8) 115.8 (43.2) 116.5 (42.1) <0.001
HDL (mg/dL) 54.3 (12.2) 51.6 (9.7) 52.1 (9.2) 48.0 (10.1) 45.9 (8.9) 45.3 (8.5) <0.001
Triglycerides (mg/dL) 112.9 (68.2) 120.1 (64.8) 116.7 (53.4) 182.6 (97.8) 201.0 (107.6) 208.9 (105.4) <0.001
LDL (mg/dL) 99.7 (28.2) 105.8 (28.2) 107.5 (27.9) 104.0 (30.0) 103.2 (28.6) 104.2 (31.1) <0.001
Total cholesterol (mg/dL) 179.1 (35.3) 183.5 (34.6) 184.1 (33.6) 190.2 (38.0) 190.1 (36.4) 190.6 (38.8) <0.001
Systolic pressure (mmHg) 124.2 (19.2) 125.8 (19.8) 126.9 (17.8) 133.3 (20.0) 135.0 (20.4) 136.0 (19.0) <0.001
Diastolic pressure (mmHg) 73.4 (11.1) 75.6 (11.2) 77.1 (10.7) 75.7 (11.2) 79.3 (11.1) 81.3 (12.2) <0.001
Hypertension

No 3193 (61.6%) 1248 (61.0%) 281 (58.3%) 272 (30.8%) 606 (27.4%) 246 (19.7%) <0.001
Yes 1993 (38.4%) 799 (39.0%) 201 (41.7%) 612 (69.2%) 1602 (72.6%) 1001 (80.3%) –

Abdominal obesity
No 4293 (82.8%) 723 (35.4%) 51 (10.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) <0.001
Yes 889 (17.2%) 1320 (64.6%) 428 (89.4%) 884 (100.0%) 2,208 (100.0%) 1247 (100.0%) –

BMI
18.0–24.0 kg/m2 5186 (100.0%) 0 (0.0%) 0 (0.0%) 884 (100.0%) 0 (0.0%) 0 (0.0%) <0.001
24.0–27.0 kg/m2 0 (0.0%) 2047 (100.0%) 0 (0.0%) 0 (0.0%) 2208 (100.0%) 0 (0.0%) –
> 27.0 kg/m2 0 (0.0%) 0 (0.0%) 482 (100.0%) 0 (0.0%) 0 (0.0%) 1247 (100.0%) –
CKD 230 (4.4%) 90 (4.4%) 13 (2.7%) 73 (8.3%) 131 (5.9%) 75 (6.0%) –

MHN: metabolically healthy normal weight; MHOW: metabolically healthy overweight; MHO: metabolically healthy obesity; MUN: metabolically unhealthy 
normal weight; MUOW: metabolically unhealthy overweight; MUO: metabolically unhealthy obesity. N: number; HDL: high-density lipoprotein; LDL: low- 
density lipoprotein; BMI: body mass index; CKD: chronic kidney disease.
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In addition, metabolically unhealthy individuals had 
lower HDL levels and higher blood pressure, glucose, 
TC, and WC levels than metabolically healthy people.

3.2. The cross-sectional association between MetS- 
BMI phenotypes and prevalent CKD

Table 2 displays the prevalence of CKD according to 
the MetS-BMI phenotypes. The MHN, MHOW, MHO, 
MUN, MUOW, and MUO cohorts had crude prevalence 
rates of CKD of 4.43%, 4.40%, 2.70%, 8.26%, 5.93%, 
and 6.01%, respectively. People who were classified as 
metabolically unhealthy had a higher prevalence of 
CKD than people who were classified as metabolically 
healthy, regardless of their BMI.

The association between MetS-BMI phenotypes and 
CKD risk is shown in Table 3. All regression models 
showed that those with metabolically healthy status 
did not have an elevated risk of CKD, regardless of 
their BMI (all p> 0.05). For groups represented by 
MHOW, MHO, MUN, MUOW, and MUO in model 4, the 
odd ratios (ORs) of developing CKD were 1.27 (95% CI 
¼ 0.98–1.67, p¼ 0.069), 1.06 (95% CI ¼ 0.59–1.89, 
p¼ 0.850), 1.62 (95% CI ¼ 1.19–2.21, p¼ 0.002), 1.55 
(95% CI ¼1.21–1.97, p< 0.001), and 1.77 (95% CI ¼
1.33–2.37, p< 0.001), respectively. Crucially, the ORs 
for those with a metabolically unhealthy status were 
constantly higher than those for people with a meta-
bolically healthy status across all models. People in 
the MUO group were more likely to develop CKD than 
people in the MUN group in models 2–4. This sug-
gests that among populations that are metabolically 
unhealthy, those who are obese have a more signifi-
cant chance of developing CKD than people who are 
normal weight.

4. Discussion

The risk of CKD did not significantly differ between 
BMI levels within any metabolically healthy category, 
according to the current investigation. Nevertheless, 
regardless of their BMI categories, all of the metabolic-
ally unhealthy subgroups showed increased odds of 
developing CKD in comparison to those who were 

metabolically healthy. Moreover, of all the adjusted 
groups, those with MUO had the highest chance of 
developing CKD.

A growing body of research indicates that being 
overweight or obese increases the chance of develop-
ing CKD [20,38,39]. Nevertheless, MetS, rather than 
obesity, is a risk factor for the accelerated age-related 
reduction in glomerular filtration rate (GFR) in the gen-
eral population, according to a community-based 
study comprising 1261 middle-aged Norwegian adults 
[21]. Differences in race, sample size, or definition of 
MetS can all contribute to the different results. The 
incidence of MetS is much higher in those who are 
overweight or obese [18,25]. It is now widely known 
that obesity and metabolic abnormalities may nega-
tively impact renal structure and function either separ-
ately or in combination, resulting in decreased 
GFR and increased urine microalbumin levels 
[13,20,38,40,41]. However, it is sometimes ignored that 
certain MetS patients who maintain a normal BMI also 
have a higher risk of developing CKD. Thus, evaluating 
the risk of CKD in groups with distinct MetS-BMI phe-
notypes can provide fresh perspectives on the impact 
of metabolic status on the onset of CKD at different 
body weights.

Although the exact mechanisms underlying the cor-
relation between metabolic abnormalities and CKD are 
not fully understood, several plausible explanations 
could explain this association. Insulin resistance, a key 
factor in MetS, can trigger sodium and water reten-
tion, and vascular endothelial constriction. This then 
causes lipids to build up in the renal tubules and the 
renin-angiotensin-aldosterone system (RAAS) to 
become activated, damaging the kidneys and speed-
ing up the course of CKD [42,43]. Furthermore, struc-
tural and functional problems in the kidneys may arise 
from altered hemodynamics, aberrant lipid metabol-
ism, hormonal response disorders, and ectopic lipid 
buildup in obese individuals [44–46]. The main patho-
genic variables driving MetS-associated CKD include 
insulin resistance, obesity, hypertension, aberrant lipid 
levels, inflammation, oxidative stress, and decreased 
endothelial function [13].

Table 2. Prevalence of chronic kidney disease classified by MetS-BMI phenotypes.
Metabolic healthy (N¼ 7715) Metabolic unhealthy (N¼ 4339)

Characters MHN MHOW MHO MUN MUOW MUO

Number of participants 5186 2047 482 884 2208 1247
CKD cases 230 90 13 73 131 75
Incidence rate (95% CI) 4.43 (3.90 − 5.03) 4.40 (3.59 − 5.37) 2.70 (1.57 − 4.59) 8.26 (6.61 − 10.27) 5.93 (5.02 − 7.00) 6.01 (4.82 − 7.48)

MHN: metabolically healthy normal weight; MHOW: metabolically healthy overweight; MHO: metabolically healthy obesity; MUN: metabolically unhealthy 
normal weight; MUOW: metabolically unhealthy overweight; MUO: metabolically unhealthy obesity. N: number; BMI: body mass index; CKD: chronic kid-
ney disease.
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According to our research, there was no discernible 
difference in the prevalence of CKD between the MHO 
and MHN groups. Our research and other data show 
that, in healthy persons, weight gain does not signifi-
cantly predict the development of CKD, regardless of 
cardiovascular disease, diabetes, obesity-related glom-
erular disease, or other underlying causes [21]. This 
may be explained by the fact that those with MHO 
have fewer metabolic abnormalities and comparatively 
normal insulin sensitivity [47]. Nevertheless, other data 
indicates that MHO is not a lifelong illness since 
between 30 and 50% of those who were first diag-
nosed with MHO were later shown to have transi-
tioned to an unhealthy metabolic state [48–50]. 
Weight loss in those with MHO may also be advanta-
geous for the advancement of CKD. Our findings are 
consistent with earlier research [51], which indicates 
that people with aberrant metabolic status have a 
markedly increased risk of developing CKD even if 
they maintain a normal weight. This supports the ear-
lier opinion that metabolic status is a valuable marker 
for determining who is at risk for CKD [21,51]. 
Moreover, according to our research, the MUO and 
MHO subcategories had significantly different chances 
of getting CKD. It seems that those who have MUO 
are most at risk of developing CKD. One possible 
explanation for this discrepancy could be that MUO 
patients have more visceral fat and less subcutaneous 
adipose tissue expansion than MHO patients [52]. 
Interestingly, compared to MUN, the OR value of 
MUOW was significantly lower, presumably due to 
bias brought on by the small number of MUN samples 
in the population. However, among overweight and 
obese individuals, restoring a balanced metabolic pat-
tern is still the most essential way to prevent CKD. 
Furthermore, our research suggested that when evalu-
ating metabolic status and obesity in the clinical 
assessment of CKD risk, they should be done together.

Recently, Kathleen E. Adair et al. [53] also con-
ducted a similar study to ours. However, in their study, 
the researchers overlooked the overweight group, 
people whose BMI did not meet the criteria for obes-
ity but are at great risk of becoming obese. In our 

study, we categorized weight into more nuanced cate-
gories: normal, overweight, and obese. On the other 
hand, the definition of MetS in their study was NCEP- 
ATPIII, while the diagnostic criteria we used (IDF) con-
sidered the WC characteristics of different nationalities, 
which is more suitable for the Chinese population. In 
addition, participants in Kathleen E. Adair’s study were 
all from areas of low socioeconomic status. However, 
our participants are from both urban and rural areas 
across the country. Taken together, our research 
implemented a more detailed classification of BMI, a 
more precise diagnosis of MetS, and a more balanced 
distribution of participants across varying geographical 
locations, all of which contributed to the attainment 
of relatively comprehensive and accurate results.

There were various shortcomings in our study. First, 
being a cross-sectional study, it was unable to estab-
lish a causal association between MetS-BMI pheno-
types and CKD. Longitudinal studies and randomized 
controlled trials are needed to determine the effective-
ness and causation of these interventions. Second, the 
predictive value of MetS-BMI for CKD risk may be 
influenced by other confounding variables that are 
unknown or unmeasured, as our analysis only con-
trolled for partial confounders. For some covariates, 
such as drinking, we could only stratify the analysis by 
month through the CHARLS questionnaire, which 
affects the accuracy of the results. Furthermore, a few 
covariates mostly rely on self-reporting, which may 
introduce subjective elements and lower the reliability 
of the conclusions. Lastly, the majority of the partici-
pants in our research were middle-aged or elderly. 
The results of our study may not apply to young 
adults and people of different races because the 
prevalence of CKD can differ depending on age and 
ethnicity.

5. Conclusion

Our research suggests that, apart from obesity, meta-
bolic abnormalities are a significant risk factor for CKD 
in the Chinese population. Evaluation of metabolic 
phenotypes is important for identifying high-risk 

Table 3. Association between MetS-BMI phenotypes and risk of CKD.
Mets-BMI phenotypes Model 1 Model 2 Model 3 Model 4
MHN Reference Reference Reference Reference

MHOW 0.99 (0.77–1.27), p¼ 0.943 1.30 (1.00–1.69), p¼ 0.051 1.29 (0.99–1.68), p¼ 0.059 1.27 (0.98–1.67), p¼ 0.069
MHO 0.59 (0.34–1.05), p¼ 0.075 1.06 (0.59–1.90), p¼ 0.838 1.07 (0.60–1.91), p¼ 0.826 1.06 (0.59–1.89), p¼ 0.850
MUN 1.93 (1.48–2.55), p< 0.001 1.60 (1.17–2.19), p¼ 0.003 1.61 (1.18–2.19), p¼ 0.002 1.62 (1.19–2.21), p¼ 0.002
MUOW 1.35 (1.09–1.69), p¼ 0.006 1.54 (1.21–1.96), p< 0.001 1.55 (1.21–1.97), p< 0.001 1.55 (1.21–1.97), p< 0.001
MUO 1.37 (1.05–1.80), p¼ 0.019 1.81 (1.36–2.42), p< 0.001 1.78 (1.33–2.38), p< 0.001 1.77 (1.33–2.37), p< 0.001

MHN: metabolically healthy normal weight; MHOW: metabolically healthy overweight; MHO: metabolically healthy obesity; MUN: metabolically unhealthy 
normal weight; MUOW: metabolically unhealthy overweight; MUO: metabolically unhealthy obesity. N: number; BMI: body mass index; CKD: chronic kid-
ney disease.
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individuals or subgroups, which optimizes strategies 
for preventing CKD.
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